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We investigate magnetism and band structure engineering in Moire´ superlattice of blue phosphorus
(β-P) and grey arsenene (β-As) bilayers, using ab initio calculations. The electronic states near
the valence and conduction band edges have significant pz character in both the bilayers. Thus,
twisting the layers significantly reduce the interlayer orbital overlap, leading to a decrease in the
binding energy (up to ∼ 33%) and an increase in interlayer distance (up to ∼ 10%), compared to
the most stable AA-stacking. This interlayer decoupling also results in a notable increase (up to
∼25-50%) of the bandgap of twisted bilayers, with the valance band edge becoming relatively flat
with van-Hove singularities in the density of states. Thus, hole doping induces a Stoner instability,
leading to ferromagnetic ground state, which is more robust in Moire´ superlattices, than that of
AA-stacked β-P and β-As.
I. INTRODUCTION
The era of 2D materials started with the discovery
of graphene, hosting massless Dirac quasiparticles, with
gate tunable electronic and optical properties.1–3 This
motivated the discovery of several other 2D semicon-
ductors. Among them, transition metal dichalcogenides
(such as MoS2, WS2 etc.)
4–6 and black phosphorene7,8
are some of the predominantly explored candidates. Sev-
eral useful applications including transistors based on
graphene,9,10 MoS2,
11 and black phosphorene12 have al-
ready been demonstrated.13 There has also been signif-
icant interest in twisted bilayers forming Moire´ super-
lattices, with the twist angle offering another handle on
the tunability of electronic and optical properties.14–16
In particular, several recent studies on twisted bilayer
graphene explore the presence of flat bands and the van-
Hove singularities (vHs) resulting in exciting many body
instabilities, on account of the relative rotation between
the layers.17–22
The properties of ultrathin layered materials are gov-
erned by the stacking sequence of the monolayers, which
dictates the interlayer orbital overlap among different
layers. Thus, understanding the influence of the stack-
ing sequences on the nature of the interlayer interac-
tion among monolayers has been of great fundamental
interest.23–29 Motivated by this, in this paper we explore
the nature of the interlayer coupling and the modulation
of the electronic and magnetic properties in twisted bilay-
ers of blue phosphorus (β-P)30,31 and grey arsenene (β-
As),32,33 both having similar crystal structure and phys-
ical properties. Among several possible 2D allotropes
predicted for group-V elements,34 β-P has already been
reported experimentally,35,36 along with a detailed atom-
istic study of its growth mechanism.37 β-allotrope of
group-V elements have a graphene like buckled honey-
comb structure, as opposed to the puckered honeycomb
crystal of black phosphorene or α-P. In terms of elec-
tronic transport properties, both the allotropes are found
to be comparable.38 Interestingly, a hole doping induced
ferromagnetic ground state has been reported in case of
β-P.39,40
Our study reveals that the pz orbitals contribute sig-
nificantly to the valance as well as conduction band edge
of the bilayers of AA-stacked β-P and β-As. Thus, the
interactions among the pz orbitals on different layers are
impacted significantly by the relative rotation of the lay-
ers relative to each other. We find that, increasing the
rotation angle leads to larger interlayer distances and re-
duced binding energy in both β-As and β-P bilayers. As a
result, the bandgap increases in Moire´ superlattices, and
also shows more modulation with applied electric field
and strain. Additionally, the highest valance band of the
Moire´ superlattices also becomes relatively flat with van
Hove singularities in the density of states. This leads
to Stoner instability induced ferromagnetic ground state
with hole doping, which is found to be more stable in
twisted structures, than that of AA-stacked bilayers.
The manuscript is organized as follows: In Sec. II,
we describe the details of the density functional theory
(DFT) calculations. The electronic properties and the
interlayer decoupling of the Moire´ superlattice are dis-
cussed in detail in the Sec. III; in the context of binding
energy, electronic band structure and its modulation with
vertical electric field and strain, and magnetic instability
in Moire´ superlattices. The results are summarized in
Sec. IV.
II. METHODOLOGY
Structural relaxations and electronic band structure
calculations are performed using density functional the-
ory (DFT), as implemented in the Quantum ESPRESSO
package.41 A plane wave basis set with kinetic energy cut-
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FIG. 1. (a) The crystal structure of bilayer β-P and β-As. On account of the AA-stacking, both the top (red) and bottom
(blue) layer are visible separately in the side view only. The unit cell is highlighted in the top view. The Orbital resolved
electronic band structures (plotted along the high symmetry lines shown in the inset) of bilayer β-P and β-As are illustrated
in (b) and (c), respectively. The arrow connects the valence band maximum (VBM) and conduction band minimum (CBM).
The color scale shows the relative weight of the pz orbitals on different energy bands. Clearly, the pz orbitals dominate near
the VBM, and have significant contribution near the CBM as well.
off of 30 Ry and projector augmented wave pseudopoten-
tials are used. Exchange-correlation effects are included
within the framework of generalized gradient approxima-
tions (GGA), as proposed by Perdrew-Burke-Ernzerhof
(PBE).42 Dispersive forces are taken into account by us-
ing the vdW-DF-obk8 van der Waals correction.43–45 A
k-point mesh of 24 × 24 × 1 is used for Brillouin zone
integrations in case of smaller unit cells of AA-stacked
bilayers and a coarser mesh is chosen for the Moire´ su-
perlattices in twisted bilayers, according to their size.
Structural optimizations are carried out until the energy
difference between two successive steps of ionic relaxation
are less than 10−4 Ry and all three components of the
force on each atom belonging to the unit cell are less than
10−3 Ry/Bohr. A vacuum of 20 A˚ is applied perpendic-
ular to the plane to avoid spurious interactions between
the periodic replicas in the out-of-plane direction. The
crystal structures are prepared by XCrysden software.46
III. RESULTS AND DISCUSSIONS
A. AA-stacked bilayers: crystal and electronic
band structure
The β-allotrope of monolayer P and As are known
to have a buckled honeycomb structure.27,32,34,47 Among
several possible stacking sequences, AA-stacked bi-layers
are known to have the lowest energy configuration.27,47
The top and side view of the crystal are shown in
Fig. 1(a). The values of the structural parameters
marked in Fig. 1(a), like the bond length (r), bond angle
(θ), buckling height (h) and interlayer separation (d), are
reported in Table I. These are in good agreement with
the earlier studies on β-P47 (reported values of r = 2.26
A˚, θ = 93.06◦, h = 1.24 A˚, d = 3.23 A˚) and β-As27 (re-
TABLE I. Structural parameters and bandgap of AA-stacked
bilayer β-P and β-As. Our calculations are in good agreement
with earlier works on β-P47 and β-As27 (see main text for
details).
Crystal r (A˚) θ h (A˚) d (A˚) Eg (eV)
β-P 2.26 93.06◦ 1.24 3.35 1.17
β-As 2.51 92.14◦ 1.39 3.2 0.86
ported values of r = 2.51 A˚, θ = 91.87◦, h = 1.4 A˚, d =
3.27 A˚).
Surveying the structural data available in the literature
for these bilayers, we find that the interlayer distance is
sensitive to the choice of van der Waals interaction pa-
rameters, and values ranging from 3.23 to 3.40 A˚ [3.14 to
3.27 A˚] are reported for AA-stacked β-P [β-As].27,47–49
Unlike the inter-layer distance, other structural parame-
ters like unit cell dimension, bond length and bond angle
are independent of the choice of the van der Waals inter-
action, and the reported values lie within a very narrow
range.27,47–49 In our calculations, the interlayer distance
lies within the range of values reported in the literature,
and the other structural parameters match very closely
(within 1-2%). This validates our choice of the pseudo-
potential and other calculation parameters like kinetic
energy cut-off and k-point mesh used in this work.
The calculated electronic band structures of bilayer
AA-stacked β-P and β-As are shown in Fig. 1(b) and
Fig. 1(c), respectively. Evidently, both of them have sim-
ilar qualitatively features: an indirect bandgap, with con-
duction band minimum (CBM) and valance band max-
imum (VBM) located at some point along the ΓM line.
In the valence band, there is another point comparable
to that of the VBM energy, lying in between the ΓK
line. Relative weight of the pz orbitals on different energy
3(a)
(b) (c) (d) (e)
FIG. 2. Moire´ superlattices of β-P and β-As (with a hexagonal unit cell), as obtained by rotating one layer with respect to the
other by five different angles. Rotation angles (number of atoms per unit cell) in different panels are: (a) 10.9◦ (110), (b) 13.2◦
(72), (c) 16.1◦ (50), (d) 21.8◦ (28) and (e) 27.8◦ (52).
(a)
(b)
FIG. 3. Energy of bilayers per unit area (calculated with
respect to energy of two “infinitely” separated monolayers)
plotted as a function of the interlayer separation d for (a) β-P
and (b) β-As. 4E fits well to the Morse potential. The depth
of the energy well represents the binding energy. In the case
of both the allotropes, binding energy in twisted structures
with Moire´ pattern reduces by ∼33%, resulting in an increase
in the interlayer distance of ∼10%.
bands clearly shows their dominance near the valence
band edge. On the other hand, while pz orbitals have
notable contributions near the conduction band edge, px
and py orbitals are found to have equally significant con-
tributions. There is a large anisotropy in the band dis-
persion, in vicinity of both VBM and CBM. This will
lead to highly anisotropic charge carrier effective mass,
as reported in case of monolayer allotropes.34,38 The in-
direct bandgap values are reported in Table I, and they
are in good agreement with the values reported in the
literature.27,47 However, the bandgap in GGA based cal-
culations are known to be underestimated, and nearly
two fold increase is reported with use of more accurate
hybrid functionals.27,47
B. Binding energy
In case of layered materials, monolayers are believed
to be stacked on top of each other and held together
by Van der Waals (VDW) interactions. Such forces are
isotropic in nature and bonding between two monolayers
is expected to be independent of their relative orienta-
tion. This hypothesis is tested in case of twisted bilayers
of β-P and β-As (forming Moire´ patterns), by comparing
their binding energies with that of AA-stacked bilayers.
We use the optimized structures of AA-stacked bilayers
to generate the Moire´ superlattices of β-P and β-As, by
rotating one layer with respect to the other. We select
five rotation angles, namely, 10.9◦, 13.2◦, 16.1◦, 21.8◦
and 27.8◦. The Moire´ superlattices for different relative
rotation angles, each of them having a hexagonal unit
cell, are shown in Fig. 2. Binding between two monolay-
ers is characterized by calculating the difference between
the energy of two “infinitely separated” monolayers and
a bilayer with inter-layer separation d:
∆EDFT (d) =
Ebilayer(d)− 2× Emonolayer
A
, (1)
where A is the area of the unit cell and d is varied over
a range from 2.5 to 9 A˚, beyond which 4E is found to
be independent of d. In case of twisted bilayers with
Moire´ patterns, the interlayer distance d is calculated by
first measuring the distance between an atom at layer
1 and its closest neighbor at layer 2 and then taking an
average of the distances measured between all such pairs.
The calculated values of ∆EDFT (d) for AA stacked and
4twisted bilayers are shown by the symbols in Fig. 3 (a)
and (b) for β-P and β-As, respectively.
Further analysis is carried out by fitting the data points
obtained from DFT calculations with a Morse potential,
which is known to reasonably describe the non-bonded in-
terlayer interactions, particularly at large d. The Morse
potential is given by ∆EMorse(d) = D
[
1− e−a(d−d0)]2,
where D is the potential depth, d0 is the equilibrium
separation and a (taken to be 1 in our case) controls the
width of the potential. The potential depth or D, is the
difference between the energies at equilibrium separation
d0 (equal to 3.35 and 3.2 A˚ for AA-stacked P and As)
and at a large value of d, where there is no interaction
between the monolayers. As shown in Fig. 3, this en-
ergy is almost constant for interlayer distance ∼9 A˚, and
thus we will use 9 A˚ as the large d value to calculate
D for the Morse fit. As shown in Fig. 3 (a)-(b), AA-
stacked β-As has larger (0.30 J/m2) binding energy than
that of β-P (0.16 J/m2). Same is true for the twisted
structure with Moire´ patterns, with β-As (0.21 J/m2)
having nearly twice the binding energy than that of β-P
(0.11 J/m2). Comparing with the AA-stacked bilayers,
the binding energy decreases and interlayer separation
increases in case of twisted structures.
The variation of interlayer distance and binding energy
as a function of stacking sequence can be attributed to
the steric effect: the repulsion between the overlapping
electron clouds. Steric effect depends on the size and in-
plane interatomic distance of the constituent atoms. For
example, larger size and interatomic distance of S atom
in MoS2 compared to that of the C atom in graphene,
results in a 3 times stronger steric effect in MoS2.
25 Since
P and As atoms are comparable in size with S atom, large
steric effect is expected in case of β-P and β-As as well.
Indeed, bilayers of β-P and β-As show a wide range
of interlayer distances and binding energies for differ-
ent stacking sequences. The most stable ground-state
stacking in the bilayers is the AA-configuration.27,28 The
twisted bilayers with Moire´ pattern can be considered to
be a “mixture” of all possible stacking sequences. Thus
the binding energy of the twisted structures is expected
to be lower than that of AA-stacking. Our calculations
reveal nearly 33% reduction of binding energy and 10%
increase of interlayer separation in 21.8◦ rotated twisted
structures, compared to AA-stacked bilayers. The large
dependence of the binding energy on the orientation of
the constituent monolayers, clearly highlights the role of
steric effects in these bilayers. Thus the interlayer bond-
ing in the bilayers of β-P and β-As is not purely of VDW
type. Similar observation has also been reported for the
other layered allotrope such as black phosphorus.29
C. Electronic band structure of twisted bilayers
In the previous subsection, we showed that the for-
mation of the Moire´ patterns weakens the interlayer in-
teraction. Increased interlayer distance in Moire´ pattern
of β-P and β-As leads to the reduction in the overlap
among out of the plane pz orbitals. Since both valence
band maximum (VBM) and conduction band minimum
(CBM) have significant contributions from the pz orbitals
[see Fig. 1(b) and (c)], decreasing overlap among such or-
bitals is expected to have significant effects.
Two such band structures are shown for θ = 21.8◦ ro-
tated Moire´ superlattice of β-P and β-As, in Fig. 4(a)
and (b), respectively. Interestingly, for this particular
rotation, both the bilayers are transformed to a direct
bandgap semiconductor, with the valence and conduction
band edges located in the middle of the Γ-M line. Note
that, since the unit cells of the Moire´ superlattices are
also hexagonal, the high symmetry points in the recipro-
cal space are the same as in Fig. 1(b). The magnitude
of the bandgap is plotted as a function of rotation angle
θ in Fig. 4 (c) and (d), for β-P and β-As, respectively.
As shown in the figures, compared to AA-stacked bilay-
ers, bandgap in Moire´ superlattices can increase up to
∼25% and 50% in case of P and As, respectively. While
the bandgap values fall within a relatively small window,
ranging from 1.4 to 1.5 eV in case of β-P Moire´ superlat-
tices, it changes prominently as a function of θ in case of
β-As, which opens the possibility of bandgap tuning in
the latter, by rotating one layer relative to the other. In
order to analyze the connection between bandgap mag-
nitude and interlayer separation, we also plot the latter
as a function of the rotation angle in Fig. 4 (c) and (d).
Evidently, the bandgap enhancement is highly correlated
with the increasing interlayer separation and the decreas-
ing overlap among the pz orbitals of adjacent layers.
Other than the θ = 21.8◦, rest of the Moire´ superlat-
tices are indirect bandgap semiconductors as shown in
Fig. 4(c) and (d). However, due to the flatness of the va-
lence band, the difference between the direct and indirect
bandgap is very small in most of the cases [see Fig. S1
and S2 in the Supporting Information]. The flatness of
the bands in vicinity of the band edges also gives rise to
a large density of states, which is conducive to magnetic
and other many-body instabilities. A recent example is
that of the ‘magic angle’ twisted bilayer graphene, which
shows superconducting instability.18–21
D. Band structure modulation with electric field
We now explore the possibility of bandgap engineering
in these twisted bilayers by means of a vertical electric
field. In case of β-P and β-As, very large electric field
(about 0.5 V/A˚) is known to reduce the bandgap, ulti-
mately leading to an insulator to metal transition around
0.7 to 1 V/A˚.32,47 Moreover, an interesting topological
transformation is also reported for monolayer β-As, at
nearly 1 V/A˚ electric field.32
A similar trend is observed in case of Moire´ superlat-
tices, where bandgap magnitudes decrease sharply be-
yond 0.3 [0.4 V/A˚] for bilayer β-P [β-As]. A compari-
son of bandgap modification (with increasing electric field
5-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0
K-points
q=21.79°
G M K G
E-E
F(
eV
)
(c)
(a) (b)
(d)
-2.0
-1.5
-1.0
-0.5
0.0
0.5
1.0
1.5
2.0
K-points
q=21.79°
G M K G
E-E
F(
eV
)
β-P
0 5 10 15 20 25 30
1.2
1.4
1.6
1.8
2.0
Inter layer distanceB
an
dg
ap
(eV
)
Theta (°)
Band gap
Direct band gap
Eg mono layer
3.30
3.41
3.52
3.63
3.74
Int
er
lay
er
dis
tan
ce
(Å
)
0 5 10 15 20 25 300.8
1.0
1.2
1.4
1.6
Inter layer distanceB
an
dg
ap
(eV
)
Theta (°)
Band gap
Direct band gap
Eg mono layer
3.12
3.24
3.36
3.48
3.60
Int
er
lay
er
dis
tan
ce
(Å
)
θ= 21.8° θ= 21.8
Γ Γ ΓΓ
β-As
FIG. 4. Electronic band structure of 21.8◦ rotated Moire´ pattern of bilayer (a) β-P and (b) β-As. For this particular rotation,
both the bilayers are converted to a direct bandgap semiconductor, with both the valence and the conduction band edges located
in the middle of the Γ-M line. The variation of the bandgap and the interlayer separation, as a function of the twist angle θ
is shown in (c) β-P and (d) β-As. Clearly, there is a strong correlation between the bandgap and the interlayer separation of
both the Moire´ superlattices.
strength) in AA-stacked bilayers and Moire´ super-lattices
is shown in Fig. 5 (a). Interestingly, the latter (orig-
inally a direct bandgap semiconductor) is found to be
converted to an indirect bandgap semiconductor at high
electric electric field, both in case of β-P and β-As. This
transition happens because the conduction band edge is
shifted to the Γ point (see Fig. S3 and S4 in SI). The
computationally predicted electric field values of 0.3-0.4
V/A˚ can further be reduced if we account for the pres-
ence of ripples and other structural imperfections.50
E. Band structure modulation with strain
Monolayers of β-P and β-As also show significant
bandgap modulation under the influence of external
strain.27,30,32 A similar trend is observed in case of AA-
stacked bilayers and Moire´ superlattices of β-P and β-As.
As shown in Fig. 5(b), the bandgap decreases monoton-
ically under tensile strain. On the other hand, under
compression, bandgap initially increases, followed by a
decrease at higher value of strain. Evolution of electronic
band structures as a function of strain for AA-stacked β-
P and β-As are shown in SI (see Fig. S5 and S6). We find
that, not only the magnitude of bandgap decreases under
strain, band edges also shift from their original location.
For example, in case of AA-stacked β-P, CBM and VBM
shifts to the K-point and Γ-point at 2% and 4% compres-
sive strain, respectively (see Fig. S5 in SI). On the other
hand, in case of AA-stacked β-As, VBM moves to the
Γ-point under 3% compressive strain, while CBM shifts
to the Γ-point at 4% tensile strain (see Fig. S6 in SI).
However, we do not find any indirect to direct bandgap
conversion within ±5% strain in case of AA-stacked β-P
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FIG. 5. (a) The evolution of the bandgap of bilayer β-P and
β-As with the strength of a vertical electric field. The twisted
structures with a larger interlayer separation are impacted
more, as expected. (b) Bandgap engineering with bi-axial
strain.
and β-As.
Interestingly, for Moire´ superlattices, the bilayers can
also convert from a direct to an indirect bandgap semi-
conductor under strain. This is more prominent in case
of β-As Moire´ superlattice (θ = 21.8◦), which changes to
an indirect bandgap semiconductor under relatively small
tensile (2%), as well as compressive (1%) strain. On the
other hand, β-P Moire´ superlattice (θ = 21.8◦) under-
goes such a transition only under compression (3%). A
detailed analysis reveals that the band edges shift to dif-
ferent valleys as a function of strain, leading to a direct
to indirect bandgap transformation. For example, in case
of β-P Moire´ superlattice, the valence band edge moves
to the Γ point and the conduction band edge moves to
the K-point at 3% compression (see Fig. S7 in SI). On
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FIG. 6. Variation of magnetic moment as a function of hole
concentration for AA-stacked bilayer (a) β-P and (b) β-As.
The critical value of hole doping, up to which ferromagnetism
exists, increases with interlayer distance d. The inset in both
the panels, show the out of plane spin density. Clearly the
major spin contribution is from the pz orbitals of P and As
atoms, whose interaction is d dependent. In case of Moire´
super-lattice (θ = 21.8◦) with larger d, the interlayer decou-
pling supports the ferromagnetic ground state up to higher
doping concentration.
the other hand, in case of β-As Moire´ superlattice, the
valence band edge moves to the Γ point at 1% compres-
sive strain, while a 2% tensile strain triggers a similar
shift to the conduction band edge. (see Fig. S8 in SI).
F. Magnetic instability
As shown Fig. 1(b)-(c) and Fig. 4(a)-(b), the valence
band of bilayer β-P and β-As have a relatively flat shape
near the VBM. This results in a van Hove singularity
in the electronic density of states near the valence band
edge, which can be explored via hole doping. The van
Hove singularity is conducive to quantum many body in-
stabilities such as magnetism. In fact, magnetism arising
7from the van Hove singularity induced Stoner instability
in monolayers and bilayers of P and As has already been
predicted over a over a broad range of hole doping.39,40
Here we explore the existence of a ferromagnetic insta-
bility in hole doped bilayers of twisted β-P and β-As. The
calculated magnetic moment (per hole) in the Ferromag-
netic ground state is shown in Fig. 6. Our calculations re-
veal that the magnetic moment is equal to the number of
holes in the system up to certain value of doping, beyond
which both the bilayers fall back to the non-magnetic
state rapidly. The critical value of hole concentration at
which the crossover takes place is nearly double in AA-
stacked β-P, than that of β-As. This is in good agreement
with the reported data in the literature.39,40 Note that,
prediction of a ferromagnetic ground state up to 1014
cm−2 hole concentration is very encouraging, because it
is within the range of current experimental capabilities,
as demonstrated for gate-tunable MoS2 device.
51
As shown in the respective insets for Fig. 6, the spin
density is predominantly localized in the pz orbitals of the
P and As atoms. Thus, the increase in the interaction
of the pz orbitals with decreasing interlayer separation in
bilayers is likely to result in the weakening of the mag-
netic ground state. This is confirmed by calculating the
magnetic moment by changing the interlayer separation
d (slightly above and below the equilibrium value) for
AA-stacked bilayers in Fig. 6. As expected we find that
the critical value of hole doping, up to which the AA-
stacked bilayers remain in ferromagnetic ground state,
gradually decreases as the monolayers are brought closer
to each other. This is also reflected in the fact that the
ferromagnetic ground state survives up to higher hole
concentration in case of Moire´ superlattices (see Fig. 6
for results for θ = 21.8◦), which has a larger interlayer
distance and smaller interactions among the pz orbitals.
In fact, the ferromagnetic ground state can exist up to
nearly 50% higher hole doping in Moire´ superlattices as
compared to the AA-stacked bilayers, making the former
more suitable for magnetic and spintronic applications.
IV. CONCLUSION
In conclusion, we have investigated the evolution of in-
terlayer coupling in twisted β-P and β-As bilayers. Our
calculations reveal nearly 33% reduction in binding en-
ergy, leading to 10% increase of interlayer separation in
Moire´ superlattices of β-P and β-As, compared to AA-
stacked bilayers. We show that the band edges (partic-
ularly the VBM) are dominated by the out of plane pz
orbitals in both β-P and β-As. Thus, increasing the in-
terlayer separation reduces the overlap among pz orbitals
from adjacent planes. This interlayer decoupling in Moire´
superlattices leads to significant changes in the electronic,
as well as magnetic (with hole doping) properties of β-P
and β-As.
We have shown that compared to AA-stacked bilay-
ers, bandgap increases by 25-50% in Moire´ superlattices.
Furthermore, on account of a relatively flat valence band,
the difference between the direct and indirect bandgap is
very small. In some cases, twisted bilayers are found to
be direct bandgap semiconductors, while the AA-stacked
bilayers are indirect bandgap semiconductors. Similar to
other 2D materials, bandgap can be tuned by applying
strain, as well as an electric field normal to the plane of
the twisted bilayers.
Due to the Stoner instability originating from the van
Hove singularity of density of states near the valence
band edge, a ferromagnetic ground state is observed in
bilayer β-P and β-As. The critical value of hole con-
centration, up to which the ferromagnetic ground state
is sustained, increases by ∼50% in Moire´ superlattices,
compared to AA-stacked bilayers. Thus, twisted bilayers
are better candidates than AA-stacked β-P and β-As for
the purpose of magnetic and spintronic applications.
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